Here we report the eect of the irradiation by 167 MeV Xe 26+ ions (in the uence range up to 3×10 12 ions/cm 2 ) on the undoped and Cd-doped (0.4, 0.5 at.%) ZnO lms deposited by radiofrequency magnetron sputtering.
Introduction
Trends in the electronic engineering lead to the con- is ZnO [1, 2] . The benets of zinc oxide are low cost and large reserves of raw deposits. It is due to large degree of ionicity of the chemical bonds [3] . The fraction of swift heavy ions (SHI) in spectrum of the galactic cosmic rays is about 1% only, but they have the most damaging ability due to high level of specic ionization energy losses. Due to the inelastic interaction with matter, swift heavy ions leave a trail of changed material along its path through the medium. There are two main mechanisms responsible for this process [4] : the passing ion transfers its energy to electrons by inelastic collisions, causing their ejection from the atoms. During the electron explosion, the core ions gain kinetic energy due to a repulsive Coulomb interaction which forces them to move away from the core Coulomb explosion introducing defects and vacancies in the material; the energy from a projectile ion deposits rstly in the electron subsystem and subsequently relaxed to the lattice subsystem * corresponding author; e-mail: denysmyroniuk@gmail.com through electronphonon coupling, leading to a large local temperature increase. The last can provide the phase transition in the cylindrical region. As the process is very rapid, the column of transformed material will be quenched, resulting in the freezing of defects.
In this study we report the use of cathodoluminescence The doping by isoelectronic impurities can signicantly increase the chances of applications [5, 6] . In particular, it was found that the small concentration of the cadmium (0.4 at.%) signicantly enhances the ultraviolet emission associated with excitonic transitions. The enhancement eect mainly results from an appearance of the cadmium isoelectronic traps, which may bind an exciton, thereby increasing the probability of radiation recombination [5] .
It was found that irradiated Cd-doped ZnO lms demonstrate an improvement of crystal structure in comparison with undoped ones. It can be explained by the (i) an increase in size of crystalline blocks, (ii) a relaxation of strain between grains in the lms and (iii) a reduction of defects in ZnO crystal lattice [6] . We suppose that cadmium can act as getter in zinc oxide, absorbing defects, which were generated during heavy ions irradiation. The aim of this work is to study the inuence of swift heavy Xe ions irradiation on luminescent properties of undoped and Cd-doped ZnO lms.
Experimental details
The ZnO lms were deposited on c-orientation sapphire substrates at 400 • C using the radio frequency magnetron sputtering technique. The Zn metal targets with cadmium tablets inserts were installed at 40 mm from substrate. The mixture of high purity argon and oxygen at 2:1 ratio was used as working and reaction gases, respectively. The power of magnetron system was 200 W. The time of deposition was 1 h for all lms.
The other details of the lms deposition process can be found elsewhere [5] .
The lms were irradiated by Xe 26+ ions with energy of 167 MeV to a uence 3 × 10 12 ions/cm 2 . Irradiation was performed using IC-100 cyclotron at Flerov Laboratory of Nuclear Reactions JINR, Dubna. Accordingly to SRIM code [7] , the electronic stopping power of 167 MeV
Xe ions in ZnO is 25.9 keV/nm while nuclear stopping power is 0.124 keV/nm that is much less as compared to the electronic one. The projected range of Xe ions was calculated to be 11.54 µm so that the ions penetrated the substrate far beyond the lm thickness (≤ 1µm).
Therefore, any structural modication in the lm was expected to be due to the damage produced by swift xenon ions only.
The CL spectra were taken in a JEOL 35C scanning electron microscope equipped with an Oxford Instruments MonoCL2 CL system and Hamamatsu R943- 
Results and discussion
The analysis of CL spectra of as-grown samples was discussed in our previous work [5] . Figure 1 illustrates the CL spectra of as-grown and irradiated undoped and Cd-doped ZnO lms. For better understanding the spectra were plotted as a function of energy. This conversion needs the transposition of the Y -axis by a factor λ 2 /hc [9] . The intensity is expressed in arbitrary units of photon counts.
The high energy emission peak observed in as-grown undoped ZnO lm was composed of intense near band edge (NBE) emission with a maximum at ≈ 3.21 eV and violet peak at ≈ 3.06 eV (Fig. 2) . The rst one is due to radiative recombination of free excitons. It is noteworthy that the energy position of the NBE peak for ZnO lms is shifted towards low energy side by 50 meV in comparison with similar peak for bulk ZnO (3.26 eV at room temperature [10] ). It can be caused by elastic tensile strain is a result of the mist between substrate and lm. The 3.06 eV peak in the violet region is due to band transition from the zinc interstitial (Zn I ) level to the valence band [11] . The peak position and full width at half maximum (FWHM) of irradiated lm are not changed. (Fig. 2) . Obviously, such behavior of the CL peaks is because of damage introduced by SHI irradiation. intensity. In addition, we can also observe the redistribution of peak intensities similar to the undoped ZnO.
However, integrated intensity of the whole spectrum and the intensity of the free excitonic emission at 3.22 eV of the irradiated samples are 38% and 37% lower than those of virgin counterparts, respectively (Fig. 3) . At the same time I irr DRE is 44% weaker than I V DRE (Fig. 3) . A pronounced quenching of the defect luminescence is observed in the case of irradiated doped ZnO:Cd 0.5 at.% sample (Fig. 4) . The peak, which corresponds to Zn I intrinsic defect, is reduced by 80% compared to initial one (Fig. 4) . Simultaneously the intensity of the NBE decreases only to 37% relatively to conformable intensity of as-grown sample. In addition it was revealed the appearance of the small peak of structureless green luminescence at 2.4 eV, which is associated with the donor level of oxygen vacancy (V O ) [12] . A signicant decrease in the intensity of violet emission after irradiation may be due to SHI inuence on Zn I .
The latter are considered to be the most mobile defects in ZnO [13] , which can create nonradiative recombination centers.
Ratheesh Kumar et al. [14] reported that blue-green emission in ZnO lm (which is due to the antisite oxygen) decrease as the ion uence increases. 
